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Eaperinenta vere conducted in the ADC Loe Speed Wind Tunnel 
(V/S1DL) . Propulsion Wind Tunnel facility (FVT) , eitb tno 7/STOL 
Bodels. a Jet-flap and a Jet-in-funelnce conficumtloo, to anarch 
for a vlnd tunnel vail conf icnratlon to niaiaise vail interference 
on V/S70L nodels. Data vere also obtained eitb the Jet-flap nodel 
and a unifom slotted vail conf icurat ion to provide coa^riaoaa 
betveen theoretical and esperinental vail Interference. A test 
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■•ctiop copflcurPtioa wmm fovod vkieli f»r tlw aodtl 

yiPldp data la raaaoaabla acraaaaat with iatarfaraaca-fraa raaulti 
oaar a *lda raaga of aoMataa eoafflciaata. Itwavar, tba coaflc- 
aratioa doaa aot jiald latarfaraaca-fraa data for tba Jat-la- 
foaalaga aodal. Tba bay to daaalopaaat of aa latarfaraaea-fraa 
vail eoaf lor*lloa for T/8T0L aodala liaa la tba daaalopaaat of 
aa uadarataadiaf <1 tba covplaa iataractioa batoaaa tba dovovaata 
•it tba aadoaattd lift daaica aad tba tuaaal booadary. It la 
abooB that afr aaya t batoaaa wall latarfaraaca tbaory aad asparl- 
Mut for tba T/8T0L caaa caa biaga upoa tba tbaoratical rapraaaa- 
tatlOB of tba booadary coadltloa. 
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1.0 IMTROOUCnON 

Aciodyn»iiMC daU obtained from high-bfl vertical or thoel takeoff and landins 
(V/STOL) vehicks in wind lunneb in many inManon contain larpt interfe r ence effects 
cauaed by the comtrauits impoaed by the tunnel boundaries A practical solution for copiiif 
with the boundary interference b to develop a wal! canfiguralion whicn reduces the 
inte r fe r e n c e to acceptable IrveK The fact lhal llw inlerfereiKT produced by solid and 
upen bourdaries have opposite siftm Kef. I. led etify inveslipalors. Ref. 2. to explore 
partiady open boundaries as a meanc of reducinp wall interferenve Numerous uiveslipaliom. 
summarued in Ref. 3. have kd to the various ventilated test sectiom used in all parts 
of the world today. The test sections whK'h have evolved are. howevn. designed to reduce 
the wall interference assocuted with «.-on7rntional aerodynamic vehicles pnmanly in the 
iransonic speed ranpe. 

There seems to be no inheie.i( reason why the ventilated wall coiN.'ept cannot be 
applied to relieve wind tunnel wall in^'^.r.'sce asMKiated with V STOL modeb The initui 
effort toward the development of uic'i a wall sonfifuratiun. Ref. 4. used a high-div-loadin|t 
jet-m-fuselapr model as the stream disturbing device. The results of that ptogram indicated 
the probabibty that a minimal-inter ference wall could be devised The work reported herein 
b in extension of that reported ir Ref 4 to consider additional waD configuraliom wnth 
the jel'tn'fut^lMC model and to explore :he effect of model configurations by aho testing 
with a iel'^P model. rhr?’<iologicj|y . wall conrigurations were tested with the 
jel-m-fuKlape model until one was found which producYd reasorubly interference-free 
results for a wide ranpe of model yel lo tunnel vrioetty ratios, fhe yet-flap model was 
then installed and 47 additional vrall modincations weie tested The minimal-mterferenc'e 
confifuration thus evolved was then tested with the lef'Ot'fuselapr model to determine 
if the wall configuratKin was abo suitabk for testing high-disc -loading modeb 

Force and moment data were obtained on the fei*m-fuselapr iitodel in the 7- by 
lO-fl test section of the Ung-femco-Voufht tI TV) Low Speed Hind Tunnel and on the 
irt-flap model ui fhe NASA Ames 40- by 80-ft SuhsonK Wind Tunnel These data, 
conndered to be interference free, were used to evaluate the wall interference by 
comparison with data obtained with various wall configurations in the 30- by 45nn. test 
section of the AEOC Low Speed Wind Tunnel (V/STOL I 

Tests with the |el'in*fuielapr model in the V'STOL tunnel were iinited to a 
let-i'i-free^rram velocity ratio of 4 5 which h just below the condition of complete flow 
breakdown as defined m Ref. $. Tests with the jet flap were hmited to a momentum 
coefTicwnl of 3.3 which corresponds to a sonic jet at a funnel dynamK pressure of 2 
P*f 
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^0 AT^ARATUS 


2.1 WIND TUNNELS 

D«U on Iht Fi-dap modti. which «iv comnlrrrJ inicrfermcr free, wen obluacd 
Ml the NASA/Amo 40- by 80-ft SnbtonK Wiml Tunnel The 40- by SO-ft tunnel M a 
oMilinuoui flow, almaaphenc ptcaMirc. ckacd-lhrani. cloied-circuil faobly. The speed ranp^ 
■ continuously vahabk from teto to 200 knots A descnplion of the facihly may be 
found in Ref. 6. 

Data on the >et-m-fuaela|e model which an constdeied interfetence free were obtained 
m the LTV Low Speed Wind Tunnel The LTV tunnel n a continuous flow. atmospherK 
pmsure. unfle return, ctowd-throat system. The rectanfular IS- by 20-ft test section is 
folkmed by a 7- by lO-ft lest section snth speed ranpes of 12 to 60 ll/sec and 40 to 
320 fl/sec. respectmly . A complete description of the tunnel, its uperatiiif charactenstics. 
and asMKuled equipment are contained m Ref. 7. 

Tlie smii interference study was conducted m the AEDC Low Speed Wind Tunnel 
(V'STOL). The V/STOL tunnel a a continuous flow, dosed-arcuil. atmospheric presaurr 
test mil in which speeds from S to 220 fl/sec can be obtamed. The lest section has 
a 30- by 4S-in. cross se''4ion and s 72 in long The lest section watts may be independently 
modiried to allow a wide rarsety of svail conAguratiom to be used The lest section b 
enclosed m a 9- by 9-f| sealed plenum srluch allows a comtant free-stream static pressure 
enmonmert to be maintained around the lest section A compleie descnplion of the 
tunnel, its operating characteristics, and associated equipment are presented in Ref. 8. 

Z2 MCOELS 

Z2.^ Jet Flap 

The jet-flap model, shown installed in the V'STOL tunnel m Fig. la. conssts of 
a hollow, rectangular, planform «nng and a honrontal tail. The sting also serves as a model 
centerbody. air hne. and instrumenlalion lead shield. The pertinent model dimensions are 
pven m F» 2a 

Each enng contains a plenum chamber supplied with high-pressure nitrogesi whKh 
exhausts through a 0.020-sn sht near the trailmg edge to form the jet flap The wing 
has an NACA 0012 airfoil truncated at 9S-percent of the chord with a constant radiui 
traihng edge. The left wing contains a specially designed rrse-component balance The 
nitrogen supply passes symmetrKally through the balance to ehmiiute the nrrd to 
compensate for mtemal momentum changes It was found neceaaary. however, to correct 
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Fifur* 1. Modal location in the V/STOL wind nmnal. 
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the MbfKc rradin^ to lew the crtlcvU ol ittar mu-mjl proAiirv IIk :i«hf 

win^ ctNiljins jfi jd|iAljhb rr^irKlKwi whivti i\ itHrd lr> KiLukc Ih^ lli»w wi iIk* iwo 
The hOfiiCNiUl Ud. jlu> uliliiini^ jn \Ai A OUl 2 jifl««l immnkd <wi j Iwiwitfniwtncnl 
balance whKh n diieKkJ b> the %criKjl ijinnf 
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The model, shown insijiled in the V/STOL tunnel in Fig Ih. consists 

of an air elector surrounded b> a minimum cross<sect tonal area fuselage, a mid’lusclage 
wing, and a removaNe hon/ontal tail. The air eiector and its inlet are mechanically 
separated from \hc fuselage by a Labynnth seal. High-pressure nitrogen was suppiK-d to 
the elector through the sling The fuselage has a square cross section with comers rounded 
of a 0 25 in radius Both the wing and tail have an NACA 0012 airfoil section The 
pertinent model dimensions are pven in Fig. 2b 
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The model conUim Iwo slnun-fjite halaiKcs One mcaMire% the normal force of the 
^ctor and its inlet. The other measures the normal force, axial force, and pitching moment 
of the wing-fuselage-tail aoemNy. Thus, the elector forcTs are measuied separately from 
the aerc.'ynamic forces on the model 

23 WALL CCWJFIGURATIONS 

Data were obtai'ieJ with twxi basic wall conl'iguralions. The first. whK'h was tested 
to obtain data for comparrsen with theory, had ten equally spaced, constant width slots 
in each horizontal wall and solid sidewalls The slot width was varied from zero to I 
in. resulting in a wall porosity variation from zero to 22.2 percent. 

The second basic test section configuration, shovm in Fig. 3. consisted of solid side 
walk, a slotted upper wall, a louvered lower wall (Fig 4|. and independent upper and 
lower pleiu. The following geometric parameters were vaned upper and loucr skK width, 
a, and ai,. upper and lower plenum depth. D, and I>t . louer wall louver angle. 0. lower 
wall step location. L. and the lower wall louver step height, s. In addition, with 
Dl < 8 in., it was found necessary to supply tunnel air to the lower plenum so that 
a small mass flow passed through the rearward faong step into the test region This was 
accomplished by a transvene slot of width g at the nozzle exit 



Fifuva 3. BaHC tttppad configuration. 
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2A INSTRUMBfTATION 

Model farces and momenu were obtained from strain gapes placed on specially 
designed balance beams intesnal to the models. The tvimel nozzle-exit pressure, svhich 
tMu used as a leferenoe for al other pr essu re measurements, svas measured srith a preciaion, 
servo-dnscn. mercury manometer. Other model ar*d tutuad ptcasures were measured with 
stram-fBge differential pressure transducers. Modd and tunnel temperatures were m eas u red 
mth i rcm-c ons tmtan thermocouples. The in s tr um entation re a d in gs were recorded by an 
an-hne computer system which reduced the raw data to engineeting units, computed 
pertinent parameters, and tabulated the results. 

3L0 PROCEDURE 

XI TEST OONOmONS AMO PROC8MJRES 
JL1.1 Jn-Hgp MoM 


Data were obtained in the AEOC V/STOL tunnel and the NASA Ames 40- by tO-ft 
tutuiel at the same value of the iet momentum ooefTkaent. In additson. because of a azable 
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diffcrmce in the pet total temprraturr mi the two faalitics. it wjx loiinJ ncccNvir> *o 
abo test at the same values of let momentum rather than pet total prexNure. There wj\ 
no cocitrel of the >et total temperature in either facility. The liesirrJ %aluc ul |ct mo?nentum 
w«s set h> alkminf the \>^tem to operate until near thermal equilibrium conditions were 
established and then adiosting the let stagnation pressure until the desired value of pet 
momentum was achieved. The tunnel velocity was then adjusted to obtain the desired 
mo m entum coefTKient In general, data were obtained at momentum ixiefficients of 0. 
O.OS. 0.31. O.M. 2.1. 2.8. and 3.3 for each tunnel wall configuration. 

XU MocM 


Data in the AtDC V'STDL tunnel and the LTV' Low Speed \Vind Tunnel were 
obtained at |el*to-frre^ream veloat> ratios of 0. 2.0. 3.3. and 4.5 with the hon/ontal 
tail off and on. The tunnel seloaty was set to the desired value. High-pressurc nitrogen 
was supplied to the ejector until the desired jet exit total pressure was obtained. TIh: 
let exit temperature was uncontrollable. No adjustment was made for its vjnation. howeser. 
unce the aerod>namic forces were not significantly affected b> small changes in the >cl 
veloaty for the selected frec-siream conditions. 

X2 PRECISION OF THE DATA 

The data contained herein were obtained from singte-sampk measurements 
L^ncertainties in the measured parameters were estimated from repeat calibrations ol the 
instrument ion The uncertainties were combined using the Taylor senes of error propjgjtion 
to determine the precision of the reduced parameters presented below 
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4.0 RESULTS AND OISCUSSIOM 
4.1 COMPARISOM OF EXPERIMENT AND THEORY 


.Ulhoufh Ihe pnnury obfcctive of the invntiplion reported heretn w» to search 
for a mininul-interfereiKe wall confiimralion. data were taken with the Kl-Hap ntodel 
and a senes of ten constant width slots which c'ould be described by theory . Theoretical 
solutions for the first order wall interference c'orrections are obtained by solvinit the field 
equation of an invucid fluid in terms of the perturbation velooty potential d. i.e . 

uih^ct to the frnerali/rd homofeneou^ boundary* condition 

li ♦ « II ♦ ^ rife • ® 


Two expressions have been demred for the peometne slot parameters k. the earliest. 
onpnall> denved by Ciurdley . Ref 9. 

• Y In CSC y j (3) 

and the ^cond by (lien and Mears. Ref 10. which ncfkctmg Ihe contribution of pCate 
thickness can he written 

kj . 4_j_i t*»[./2(l - (41 


Kraft. Ref. 1 1. denved a quasi-linear slotted wall boundary condition for the walls normal 
to the lift vector fiven by 
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where V, is the crossflow veloaly at the boundary and Oo n the model incidence at 
zero bit. For the ctawical case. V, « 0. bq. IS) reduces to the common form of Eq. |2). For 
bffe eatues of V,. Kraft shows that the vcond coefficienl of bq. (5) becomes a 
paeudcporotity parameter 


ta. OM 


tan 


and the third coefTicicnl becomes an effective slot parameter 


where k is taken to be g^ven by bq. |4). 

As shown in Ref. 4. the classical btockafK and upwash interlerences for a V STOL 
model in a wind tunnel are coupled through the equations 


■ [(^ ♦ *« I <1.)* ♦ (*« f O ] 




Aa • 


-fslik 

♦ *o «/c 


4 * haj 


where is the tunnel empty test section relocity. 6, and 6* are the interference factors 
demred from the axial and vertical perturbation veloaties. respectively, and Aa, is an 
angle^of-attack increment which is hypothesized to required hy wall induced changees 
in the jet traiectory The teim can be evaluated cxpenmcntally at ('i^ - 0 by comparing 
interference and interference free C\ versus a data, however, no theoretical prediction 
of Its existence, much less its behavior, is presently available The interference factors 
6, and 6« can be calculated several available tf.eoretical solutions. Refs 1 1 through 
13. for example The experimental determination of 6« and . however, requires either 
a third independent equation or a daa'ect measurement of the velocity V, Itq. (8)| which 
was not available during the present experiments A theoretical estimate of the blockage 
effect for the ict flap model in the V STOL tunnel with lolid walls show^ the maximum 
value of U vanes from I 005 at Ci * I 0 to I 03 at Ci * 6 0 Thus, the error i.j 
assuminf. that the tunnel velocity is equal to the calibration veloaty can be appreciable 
at high value:; of i\ . hut the blockage effects can he reasonably neglected at values of 
Cl less than about two which corresponds to of about 0 ^ 

By assuming to Nr zero, expenmcntal values of the upwash interference factors 
and AOj can be evaluated in the least squares sense by the method derived in Ref. 4. 
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Hw vikie* of iv tbm obtained are compived with theory in Fig. S for the three 
value* of the wal houndeiy condition deathbed above. The theoretical aohitioas were 
obtained by the method deschbed in Ref. 14 ining an eUipCical wing kiadint and the 
boundary condition giren by Eq. (S). The theoretical value of the upwaah mterfcreocc 
fKtor indudes both the interference at the wing quarter chord poaticn and the ttreamline 
curvature effect and is given by 

*• * *o * W ■ 1575 

CWCHMKNTM. WTN gtOtKTWC 
SLOT nymiKTgR reoM 
COUATIM 

o s 

O 4 
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The daU m S sho« food afreemeni heiween lhcor> and cxpmmcnl at low valucN 
of C'|| when either k<). (4) or (5). which are identities at low values ol C||. is used Alihouftti 
the data obtained at hifher values of C|| for the closed and open walK <P ^ U and I. 
respectively I indKate possible blockape effects, which were ihouphi to be minicnal. the 
boundary condition pven by bq. tS) provides the best afreenHml between theory and 
expenment. 

The variation of the k< interference parameter. 4 ^. presented in Ki|! (>. is i|uile 
different from that obtained with the model in Ref. 4. At a given value 

of the slot parameter, the value of Aa, for the jet-m-fuselape model increased with invreasing 
iet-to-free-stream veloaly ratio However. Ait, for the kI'H^P model, in general, decreases 
with increasing |et strength (increasing C||l. Further, the data scatter is much (svalcr with 
the Kt-flap than with the iet-in-fuselage model. In both instances, however, for a cotisiani 
value of iet strength. Aa, decreases with mcTeasing wall porosity Also, the data with 
both modeh indicate a parameter of the form of Ao, in bq. (*>l is required to vorrecl 
the angle of attacii to the free-air value. A very critical review of tesi procedures and 
techniques failed to reveal any item which could surreptitiously inlrcHliKC the lerni Thus, 
unce An, is a function of both jet strength and wall configuraiion. ii is tell that Aa, 
IS the result of an mterference phenomena whose nature remams to he k'.'nlilied 

c. 

o a-aea 

O ataa 

A aara 



Fipwa 6. Jat maarlaranoa «i#a vn#i tfia unifarm slotiad 
umM oonfipuration. 


r 



AiOC TR-TS-M 


42 EVALUATION OF WALL CONFIGURATIONS WITH THE JET FLAP MODEL 

The Hnal lest «ccIkni confifuraibon nroivcd from j (omewtui umyslcfiulK punmcler 
vanalMMi. If a given parameter had little elTect upon the model fonm and momenu. 
pirtKularly on . the tunnel wa& not lestored to its onginal configuration before the 
next paranwter varation began Thus, the parameter varu^tiomarr not sufficiently detailed 
to allosi the establishmenl ol multidiniensional influence c*oefficientv The data do. 
homever. alloxi a number of effects to be shovin over a limited range of parameter 
vanations It should be recognized that the data from the V'STOL tunnel contain the 
simulianeous mnuences of classical blockage and upwash mterference. jet boundary 
interactions, and in %ome instances possible intermittent test section no% sep nations. While 
thcMT effects are not separable, they were in most cases very repeatable. 

Seven fonre and moments vvere measured on the Kl*n^P model. The axial-force data 
obtaiiwd in the Ames 40- by 80-ft tunnel were apparently mfluenced by model support 
vibration in the axul direction causing erratic readvip Two moments, wmg root bending 
caused by the normal and axial force, respectively, were not appreciaNy affected by the 
various wall configurations indicating that the span wise loading is essentully uiuffecled 
by the interfeierwe phenomena Thus, wall configuration evaluation is made on the basis 
of three aerod>rumic coefOcienls. ('i ^ ^ ^ assumed that if all model 

forces and moments obtained in the V STOL tunnel are simultaneously in agreement with 
the large tunnel results, the flow fkld about the model approxinutes an in Icrferr ne'e-free 
field. The leMTip model data are presented for two values of the momentum coefficient, 
which are representative of the rrsulls obtained at low and high values of C^i. 

The data obtained on the Kl-Hap model with solid test section walb and with the 
uniform slotted configuration are presented in Fig ^ as a frame of reference for the 
subsequent stepped bottom wall configuration At low C^, increasing the wall porosity 
decreases the slope of the versus a data as expected. The wing pitching moment is 
onl> slightly affected At high values of however, not only is dC'| /da decreased wnth 
increasing porosit> but there is a large decrease in C\ fc/ a pven gravimetric angle of 
attack Vhiching moment is aKo substantially reduced. It was found trut placing a Uep 
in the bottom wrall favorably affected both the lift and pitching moment vanation at 
high (p. as shown in Fig 8. without appreciably aflecting the data at low It was 
aKo found that, as might he exp^*cled. the knalion of the step is an important parameter 
as shown in Fig ^ 
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of a V/STOL rfftpoarioa o«l of Hm M icpoa. iNiptfoty m a aaoMr to ptajo i i 
c ono c i 4ammmtk trucctofy. Hk affccta of Taryi ilw loom im rfMwo ai 
10. At torn «ahm of C^. the «Mg ptfctMt^MOKai coa flk wn apf«an to ka la ao w M) 
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«n»c«*d ihr tkom ctmrum* mduc*4 by ibr lotnvn vitli Ihr hfl cocfRooil bciLf 
MMataly MMflictrd. T7^ tal hft corffkirai <lau. Imwcva. n4icsl« a decfeaac in Ibe 
IdoI llov aaiAr m bMvrr angir ■ McrrMcd Al hitb ^atut% of Cp ibcrr n oimHi;rablt 
4nU ici<lrr («oM »y«bo#i). parittntety (or # ■ 23 <kg. fciimutwy of tbr V'’STOL 
lannti wi p ntio for # " 0 ami 23 4r« fFig. 1 1 f tho«« arwral pomis (tofet* tymboti 
oomi^wAiMiii lo dtaMt m Fig. iOf vbicb jic not rfong a momoiontc curve. Swicc the 
cMfgy ralM m Jrewr—d for tbr «oM lymbol pomls. i.c . tbr tuiwH lott are meteaaei. 
n can b* nUenvd tbal ibrt* n m mirnniltcni (Vm vpnrjuon «i the te»i vccoon with 
dbK ronfipmftoa PMwgmbng tbr Mibd tymbolr. tbr uar of kMivm Jort not iccm lo 
bnnr a npnfkwt adeamra^ oner tbr # ■ 0 wonn^raliom As tbr louver angle is vtcieaKd. 
tbr agfeient flou angle itecrrMri and iCi In increaan indicaling the louvers increase 
An cflectivr mMrty of tbe icsl section The effect of louver angle on , and C|. j 
n ge n rtaly nitbn tbe data accuracy. 
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TV efTect of slots m the lop Md bottocn^tepped wall a pctscnlcd la Fifs. 12 and 
13. respectifcly. Ti^fl studies show that skits about an inch wide ait needed to prevent 
«paratioti on the lop wall at lnfh ealues of C^. Sloes in the top wall have more mnuenoe 
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FifMra 12. EHact of top whN dots on tha let flip modal foroai. 
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on and Ci.^ than thoac in the stepped bottom wall Appaienlly. the thick boundary 
layer along the bottom wall ivnden the slots somewhat inefTective. Although, as shown, 
the wing pitching moment tends to approach the mterference free value as the slot width 
is incieased. the data from the V/STOL tunnel are not quite in agsremenl with the Ames 
results. 
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Whik ine doited bottom ««ll was bctitf tested, three configuritiom with reduced 
plenum depth were also inmtifited. as shown in Fig. 14. As might be expected, reducing 
the plenuffl depth caused the bottom wall to act mote cloned on the bnib of Cl,- It 
B airious that the wmg pitclung moment at Cfi * 3.3 b about the same for Dl of 4 
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in. and infinity. The ont;* effect of redadiig the lop wall plenum depth from infiaity 
to 2 in. (Ftf. IS) n to induce an apparent flow anfularity into the tunneL The flow 
anpulahty. hoawvcr. ■ a function of C|| (note the Cl, verms a curves shtf) in oppoiile 
directions for of zero and 3.3). While the effect of the lop plenum depth is rather 
smaM. a depth some what prater than 2 in. fin the V/STOL tunnel scale) seems warranted. 
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All of tiK connturstioiit dbcuwrd beivtoforc wcie structured such that flow fton 
the iofiattc pknum could paw throuffh the step in the bonom wal. It svaa found to 
be ewential that flow pa> through the step to produce near interfereaoe-f^ data. The 
amount of flow is controhed by the elector action of the tuand/raodel stream. Rather 
than construct a plenum in the bottom arall to provide the required flow by 
leakage/recirculation. a transverse slot was introduced in the bottom wail at the nook 
exit to provide the required Meed flow. The effect of the small but unknown flow through 
the step, which is proportional to the transverse slot width, is shoam in Fig. 16. At low 
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vihia of C^. the do* throuth the step introduces an apparent flow angle of 0.6 deg 
at both the wing and tail poaitiom. However, iCi^l9a and Cl^ msus Ca are in very 
good a gre emen t vhth the Ames data. At higher valucf of C|| the proper flow through 
the step results in reasonable a gr eeme nt of all three force ooefTidents with the 
■terfcrence-ffee data. It diould be noted that the l-in. transverse dot width apparently 
p rovide s the same flow through the step as the inflnite plenum. Therefore, there is no 
need to make the slot larger. Further, the conrigurations with a^i • 1.0, at ■ 0. D« ■ 
2, L ■ 2.75, s « 2. • ■ 0 ami either g* I, Dl *2org«0. Dt * - were the only 
oonfigsations which were found to provide reaaotuble a gree m ent between the V/STOL 
tunnel and Ames tunnel data for all values of C||. Although the data obtained in the 
V^STOL tunnel arc not in perfect agre em ent with the interference-free results, comparison 
of the data of Figs. 16b and 7b indicates that the best stepped configuration produces much 
better lesults than a conventional test section configuration for the V/STOL case. 

O EVALUATION OF THE S T E Ff E D WALL OONFIOURATION WITH THE 
JET-IN-FUSELAOE MODEL 

Tests were also conducted with the jet-iit-fuaeiage model and the test section 
oonfiguratian which produced the best results with the jet-flap model. The lift data from 
the configuration presented in Fig. 1 7 (square symbob) indicate an apparent flow angularity 
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■Kilar to tlMt expeheooed by the jet-nip. iC^lia ■ cventidly the sane as the 
nietfcraKe-fiae remits. Howem, the pitcbug moment. Fig. Ill, h agaificantly len than 
the interfcrencr-free remits. Tufb indkated tunml flow breakdown had o ccu rred at Vn 
■ 4.S with now movinf upstream along the Hoor ahead of the jet/waO iatenection and 
rerticany along the hdewalh. It could be inferred from the , data that (low breakdown 
was abo present to some extent at the lower relocity ratioa. 
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Additional tests were conducted with the louven open and the bottom wall plenum 
mnoved. The data, abo presented in Ftp. 17 and 18 (diamond tymbob). show the same 
effects obac r red with the jet-flap model. The apparent Oow angle b less at all values of 
V* • incTcaaed indicating an effectively lower wall porosity than with the louvers 

doaed. However, the pitching moment was appreciably affected, except at ■ 4.S, in 
contr ast to the jet-flap cunfiguralion. 

&0 CONCLUDING REMARKS 

The investigation of wind tunnel wall interference for V/STOL modeb reported herein 
and in Ref. 4 has shown that a g reement between theory and experiment hinges upon 
the theoretical representation of the boundary condition. Kraft's heuristic modification 
to the boundary condition, while producing better agre e ment with experiment, n not 
uffkiently descriptive of the physical process to bad to an undentanding of the mechanism 
of the jet (down wa s h I/boundary interaction. 

It has been demonstrated in the present investigation that at bast one test section 
configuration eusts for a jet-(bo model which will reasoruMy represent free-air flow 
conditions over a wide range of jet momentum coefficienl. The configuration b not sihtabb 
for a high-dbc-loading model, however. The pocobility certainly exists that the results 
with the jet-flap model are fortuitous. The results of Ref. 4 and the present study indicate 
nany wrall configurations will result in free-air versus a data, but few will produce 
free-air pitching moment with augmented lift. The primary difficulty in attaining an 
inte rfere n cc-frce field b apparently associated with the model down«rash.Tunnel boundary 
interaction. The effect of various wall geometries, however simpb or complic >ied. cannot 
be understood until a better understandmg of the boundary phenomena b attained. Until 
that time, there seems httb hkelihood that any interference-free tunnel configuration could 
be laed with .onfldenoe. It b felt. therefcMe. that future work on V/STOL wind tunnel 
wall interference (both theoretical and experimental) should be directed toward 
undentanding the runnel boundary condition. 
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NOMBICLATURf 


a 

ShM width, in. 


t 

Test section anaiheitht. in. 


C 

Tnnnel aomaectional area, sq in 


Clf 

Aerodynannr hfl cocflkicnt of jet in fiwriaf 

rnmdd 

ClT 

Tad hfk ooefikscni 


-Cl. 

Wint (iff caefnaeni of jet-flap model 



Aerodynaanc piichnif moment of iet m fwsri 

1 ^ » 


Wiap pitchiat moment of jet-flap model 



Jet momenlum coefTicienl. m,V|/q^s 



S Hem aewdymamK chord, ia. 

D nanuD dtfNh. in. 

d Ski width. iA. 

ER TumkI cnerij issic. dyoMMC pr tMu rc divided by the pccanuc me acnm the 
fm 

i Tnmvene dot width, in. 

h Test sectkK semiheicbl. in. 

k Geometric dot panmeler 

L Diitance from notzle exit to bottom wall step. u. 

8 Slot t pn cun . in. (see Eq. (3)) 

n, Model jet mmm flow, du|s/tec 

A Normal direction 

P Slot parameter, (I v k/hy' 

q Dynamic presuire 
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R Rotvitty piraairtrr 

S S«epbr«^. iB. 

t Wii« KM. sq iB. 

B AbmI Bliocity 

V, Effective cnwflo* v^odty at dK iMBBOfeacoBi ten aei 

V| Modet in exit velocity. Wwc 

Vg Jn to free itieeBi v el o ci t y ratio. 

X. y. 2 Caeteaaa cooedButc* 

B Model xbMc of attack, dcf 

B« Aa||e of attack at xcto kft. cad 

^B, Jn aitcffereBoe aagle. deg 

Upvvali iBtcffereBor factor at tke vneig qBaetcr dwrd 
iBUefcecBoe factor for Ike axial micffncBoe veloaty 
k« l ateifereB ce factor for tke v ertica l BiterfereB c c ve l ocity 

f iottOBi vbI louver aagle. deg 

d Velocity potfBtiai 

SUBSCRIPTS 
u Upper nail 

L Boctoin vbI 

. Free-stieaiB coeMktioai 
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